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Summary. With the continuing 20% growth rate in the organic industry, organic
vegetable crop production has increased to 98,525 acres in the United States. The
requirement for certified organic vegetable producers to implement a soil-building
plan has led to the development of soil fertility systems based on combinations of
organic fertilizers and cover crops. To determine optimal soil fertility combinations,
conventional and organic bell pepper (Capsicum annuum) production was
evaluated from 2001 to 2003 in lowa, comparing combinations of two synthetic
fertilizers and three compost-based organic fertilizers, and a cover crop treatment of
hairy vetch ( Vicia villosa) and rye (Secale cereale) in a strip-tilled or fully
incorporated cover crop system. Organic pepper growth and yields equaled or
surpassed conventional production when nitrogen (N) was provided at 56 or 112
kg-ha' from compost-based organic fertilizer. Soil analysis revealed higher N in
plots where cover crops were tilled compared with strip-tilled plots, leading to
recommendations for sidedressing N in strip-tilled organic pepper production.
Increased incidence of disease was also detected in strip-tilled plots. Postharvest
weight loss after 6 weeks in storage was similar in organic and conventional peppers.
The addition of calcium and sulfur products in conventional or organic fertilizer
regimes did not increase pepper production or postharvest storage potential.
Despite application challenges, cover crops will remain as critical components of the
organic farm plan for their soil-building benefits, but supplementation with
approved N sources may be required for optimal pepper production. Organic
growers should conduct their own tests of organic-compliant soil amendments to
determine cost effectiveness and value for their site before large-scale application.

rganic production increased

to 4,054,429 acres in the

United States in 2005 (U.S.
Department of Agriculture, 2007a),
with 98,525 acres in organic vegeta-
ble crops. This increase has been
attributed to the implementation of
consistent federal standards for prod-
ucts marketed as “organic” in Oct.
2002 (U.S. Department of Agricul-
ture, 2007b) and a growing con-
sumer preference for lower pesticide
residues in food (Baker et al., 2002).
In addition, negative environmental
impacts associated with intensive
mineral fertilization in conventional

production (Pimentel et al., 1989;
Venterea and Rolston, 2000) have
encouraged many producers to inves-
tigate organic methods. To enter the
expanding organic market and meet
certified organic requirements, pro-
ducers must implement a soil-build-
ing plan in accordance with the
USDA National Organic Program
(NOP) of the Agriculture Marketing
Service (U.S. Department of Agricul-
ture, 2007b). Some of the most crit-
ical needs of organic vegetable
growers, identified through national

surveys (Walz, 2004) and statewide
focus groups (Delate and DeWitt,
2004), have included soil fertility
and pest management strategies. Fer-
tility sources for organic vegetable
crops generally include crop rotations
and combinations of composted ma-
nure or cover crops (Gaskell et al.,
2000). Methods for ending cover
crops before planting vegetable crops
include herbicides, mowing, rolling,
roll-chopping, undercutting, and
roto-tilling (Carrera et al., 2004),
but because synthetic herbicides are
disallowed in organic production, ter-
mination of cover crops through
organic-compliant methods constitutes
a major challenge. Although the
majority of cover crop studies have
been reported tfrom conventional sys-
tems using herbicide inputs, cover
crop combinations developed in con-
ventional systems can help inform
organic systems. Effective cover crops
for organic systems have included
combinations of barley (Hordeum
vulgare), rye, wheat (Triticum vul-
gare), hairy vetch, and crimson clover
(Trifolinm incarnatum) because of
their quick establishment, ability
to overwinter, competitiveness with
weeds, and case of being killed with
mechanical methods (Creamer and
Bennett, 1997; Nelson et al., 1991).
Leguminous cover crops provide
the greatest potential for improving
yields, but cereal crops generally
result in higher levels of soil organic
matter than legumes, help to suppress
weeds, and immobilize soil N, which
can reduce nitrate leaching during
winter months (Snapp et al., 2005).
Fall-planted cover crops can eliminate
spring tillage, improve soil quality,
and decrease the need for pesticides
for certain pests (Masiunas et al.,
1995).
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Although the majority of organic
producers incorporate cover crops
before planting, more recently, con-
servation tillage systems have been
promoted to obtain the benefits of
conventional no-till or strip-tilled sys-
tems, including reducing soil erosion,
conserving soil moisture, and increas-
ing soil fertility through cover crop
residues (Hoyt et al., 1994). Success
of conservation tillage systems is
dependent on sufficient groundcover
provided by the cover crops, mini-
mum cover crop mulch disturbance
from seeding or transplanting, and
effective weed management outside
of the growing season (Morse, 1999).
Yield reductions have resulted from
poor seed coverage, reduced soil
temperatures, and N immobilization
during cover crop decomposition.
No-till vegetable systems have pro-
duced mixed results across the United
States. Abdul-Baki and Teasdale
(1997a) reported a 35% increase in
snap bean ( Phaseolus vulgaris) yield in
no-till hairy vetch plots compared
with bare soil plots provided equiv-
alent fertilization. Griffin et al. (2000)
found that no additional N was
required to compete with conven-
tional sweet corn (Zea mays) yields
in a no-till system with alfalfa ( Medi-
cago sativa) and rye /hairy vetch cover
crops. Hoyt (1999) reported no dif-
terence in squash (Cucurbita max-
tma) yields in plowed, strip-tilled,
or no-tilled systems, while Herrero
etal. (2001 ) demonstrated equivalent
yields in fallow and no-till tomato
(Solanum lycopersicum) systems. In
the absence of herbicides, Carrera
et al. (2004) found that cover crops
increased no-till sweet corn yield by
reducing weed biomass and improv-
ing crop competitiveness. Despite a
23% reduction in sweet corn plant
population in hairy vetch/rye plots
compared with bare soil, sweet corn
yields were increased by 30% over
bare soil plots, and by 43% with hairy
vetch.

Compared with no-till systems,
strip-tillage prepares a seed bed of
loosely cultivated soil in a surface
mulch (Hoyt et al., 1994), combines
the benefits of no-till and conven-
tional tillage by retaining residue
cover in the interrow, and provides a
competition-free zone for crop emer-
gence (Vyn and Raimbault, 1993).
Undisturbed cover crop mulch can
be killed by herbicides or mechanical
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means. In herbicide-based systems,
McKeown et al. (1998) reported
greater tomato yields in strip-tilled
plots in 5 out of 6 years compared
with conventional tillage, but con-
cerns were raised about higher nem-
atode populations and reduced
numbers of harvests in strip-tilled
plots. Additionally, bacterial speck
(Pseudomonas syringae pv. tomato)
and bacterial spot ( Xanthomonas cam-
pestris pv. vesicatoria) were greater in
3 out of 6 years in strip-tilled toma-
toes. In all organic vegetable crop
systems where the prohibition of
synthetic herbicides necessitates me-
chanical options, Creamer et al. (1996)
demonstrated organic tomato yields
in an undercut cover crop mixture
of hairy vetch, rye, crimson clover,
and barley were comparable to
conventionally fertilized tomatoes.
Wilson et al. (1982) reported satis-
factory yields of corn and cowpea
(Vigna unguiculata ssp. unguiculata)
in mowed strips of a cover crop of
a tropical legume (Stylosanthes
JUiaAnensis).

Additional benefits from cover
crops, incorporated or as mulch, can
include interference with insect and
disease spread, such as rye mulching
in strip-tilled plots reducing potato
leathopper (Empoasca fabae) popula-
tions compared with conventional
plots (Andow, 1991). Lower leathop-
per numbers may have corresponded
to host masking by the rye mulch or,
in the case of snap beans, less prefer-
ence for the reduced N content in
strip-tilled snap beans (Bottenberg
et al., 1999). White mold (Sclerotina
sclerotiorum), a soil-borne fungal
pathogen, was also reduced by the
rye treatments. Mechanisms sug-
gested by this effect include the phys-
ical barrier of the mulch minimizing
contact between soil/pathogen and
plant (Bottenberg et al., 1999) and
enhanced microbiological attack of
soil pathogens (Thurston, 1992).
Loy et al. (1987), however, found
higher populations of common stalk
borer (Papaipema nebris) in strip-
tilled plots compared with tilled plots.

To evaluate the effects of
organic-compliant  fertilizers and
cover crops, a systems experiment
was established in 1998 at the Iowa
State University Muscatine Island
Research Farm in Fruitland, Iowa, to
compare bell pepper production un-
der conventional and organic man-

agement (Delate, 2002). Although
the farm site was not certified organic,
all organic practices were USDA-
NOP compliant (U.S. Department
of Agriculture, 2007b). The crop
rotation for the experimental site
was the pepper crop, preceded and
succeeded by a fallow field of rye for
one year, in accordance with NOP
rules. A 5-m buffer zone of tilled
ground was created around each plot,
and conventional treatments were
applied on calm days to prevent any
synthetic chemical drift from con-
ventional plots into organic plots.
Treatments within the experiment
consisted of combinations of two
synthetic fertilizers and three com-
post-based organic fertilizers allowed
in certified organic production. In
addition to the organic fertilizers,
effects of a cover crop of hairy
vetch and rye were evaluated in the
organic system. In the first phase of
the experiment (1998-2000), pepper
growth, harvest weight, and market-
able fruit numbers were similar in
conventional and organic production
systems when 112 kg-ha' N was
applied through synthetic fertilizer
or compost (Delate et al., 2003).
Strip-tillage and incorporation of
cover crops before planting resulted
in pepper vields equivalent to com-
post treatments in the first year, but
pepper growth was significantly re-
duced in second-year strip-tilled plots
(Delate et al., 2003). This study was
undertaken to compare bell pepper
field and postharvest performance
due to production practices including
organic and conventional soil amend-
ments; to evaluate organic pepper
production in tilled and strip-tilled
cover crops; and to evaluate the effect
of cover crops and organic fertili-
zation on soil fertility in organic
systems.

Materials and methods

The Towa State University Mus-
catine Island Research Farm is located
on Mississippi River bottomland soil
in southeast Iowa. The soil type for
the experiment was a well-drained
Fruitland course sand, with a slope
of <5% and an average organic matter
content of <2.5%. Field operations for
the 3 years of the experiment (2001-
03) are described in Table 1. A cover
crop mixture of organic hairy vetch
and rye (Welter Seed, Onslow, 1A)
was seeded in organic plots in
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Table 1. Pepper system field operations in 2001-03 at the Muscatine Island Research Farm, Fruitland, IA.

Year

Activity 2001 2002 2003
Hairy vetch/rye planted 12 Sept. 2000 21 Sept. 2001 24 Seprt. 2002
Peppers seeded in greenhouse 11 Apr. 15 Apr. 23 Apr.
Soil sampling 8 May; 11 Sept. 28 May; 12 and 14 May; 13 and

26 June; 19 Sept. 27 June; 14 May 2004
Cover crop mowed 21 May 1 June 5 June
Cover crop incorporated 30 May 8 June 7 June
Pepper plants transplanted 1 June 12 June 13 June
Conventional plots fertilized 23 May 30 May 30 May
Herbicide applied in conventional plots 30 May 8 June 30 May
Side-dress fertilizer in strip-tilled plots applied —F 25 June 25 June
Rye straw mulch applied in strip-tilled plots 16 July 11 July 14 July
Plant performance sampling 18 June; 2, 25 June; 11, 26 June; 14, 28 July

Peppers harvested

29 July; 2 Aug.
2,14, 28 Aug.; 11 Sept.

24 July; 6 Aug.
15, 28 Aug.; 12 Sept.

13, 25 Aug.; 12 Sept.

“Not applied.

September of each year preceding
pepper production (12 to 24 Sept.
2000-02) at 67 and 101 kgha',
respectively. The cover crop germi-
nated in September, remained dor-
mant throughout the winter, and
began regrowth in the spring. Cover
crop plots were treated as one of two
systems: 1) incorporated (tilled): the
hairy vetch /rye mixture was mowed
when the rye reached heading stage
(21 May to 5 June) and roto-tilled 2
to 10 d later to completely incorpo-
rate the mixture before pepper trans-
planting, or 2) strip-tilled: the vetch/
rye mixture was crushed with a culti-
pak, followed by a “strip-tll system”
of a disc coulter and chisel sweep
acting as an undercutter, sweeping
20 to 25 ¢cm under the cover crop to
cut roots and loosen the soil under
the mulch with minimum disturbance
of the soil surface on the same day as
cover crop incorporation. Passage of
the disc coulter and chisel sweep left a
7.6-cm-wide strip down the center of
the row into which peppers were
transplanted. In 2002 and 2003, the
strip-tilled plants were side-dressed
with the 56 kg-ha' N organic fertil-
izer on 25 June to test the effect of an
additional N application on strip-
tilled plant growth.

‘Red Knight bell pepper seeds
(Johnny’s Selected Seeds, Albion,
ME) were planted in greenhouses in
72-cell trays containing organic-com-
pliant media (Sunshine LC-1 Mix®;
Sun-Gro  Horticulture, Bellevue,
WA) from 11 to 23 Apr. each year.
At 18 cm of height, plants were
mechanically transplanted into ficld
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plots at a 107-cm row spacing and
46-cm plant spacing from 1 to 13
June. The experimental design used
in this study was a randomized com-
plete block design with four replica-
tions. Fach 25-m? plot contained 48
plants in four single rows for a total of
1728 plants in the experiment. Treat-
ments examined in this experiment
were representative of plant nutrient
combinations used by conventional
and organic growers in the midwest-
ern United States. The goal of the
fertilization program was to obtain
similar rates of N in the organic and
conventional system (=112 kg-ha™'!
N). Calcium and sulfur application
rates in specific conventional plots
were matched to the concentrations
of 21% calcium (Ca) and 17% sulfur
(S) in the gypsum applied in specific
organic plots. Treatments consisted
of the following combinations: Treat-
ment 1 = organic control (no fertil-
ization/no herbicides); Treatment 2
= organic fertilizer (Cinagro'™; Mid-
west Bio-Ag®, Blue Mounds, WI)
applied to supply a full rate of 112
kg-ha' N, preplant incorporated;
Treatment 3 = half-rate organic fer-
tilizer (56 kg-ha™' N) + gypsum at 560
kg-ha', all preplant incorporated;
Treatment 4 = organic fertilizer
(112 kg-ha™ N) + gypsum at 560
kg-ha', all preplant incorporated,;
Treatment 5 = hairy verch/rye cover
crop mixture tilled into field before
planting; Treatment 6 = hairy vetch/
rye cover crop mixture strip-tilled in
field; Treatment 7 = conventional
control (no fertilizer, recommended
herbicides); Treatment 8 = conven-

tional fertilizer (112 kgha' N;
recommended  herbicides);  and
Treatment 9 = conventional fertilizer
(112 kg-ha™ N; recommended herbi-
cides) + hydrated lime at 400 kg-ha™
and elemental § at 1112 kg-ha! to
supply Ca and S equivalent to gypsum
content. The conventional fertilizer
was applied as a split application: 63
kg-ha' N, 63 kg-ha™' of phosphorus
(P), and 197 kg-ha™ of potassium (K)
were incorporated into plots from
23 to 30 May each year before trans-
planting peppers, and a side-dress
application of 49 kg-ha ' N was then
applied at first flower. Trifluralin
(Treflan®; Dow AgroSciences, Indi-
anapolis) was applied as a single appli-
cation in the conventionally managed
plots at 0.5 Ib/acre a.i. Insecticides
were scheduled to be applied only
it monitoring reports signified a need
for treatment; no insecticides were
applied in any year. Weeds were
mechanically cultivated in the organic
plots throughout the season, except
in the hairy vetch/rye strip-tilled
plots, where the cover crop was left
as mulch between plant rows.

In 2002 and 2003, aboveground
cover crop biomass was determined
before mowing or incorporation from
three randomly selected 1-m? samples
in each cover crop plot. Plants were
cut at soil level, placed in a forced-
air dryer, dried at 60 °C for 5 d, and
weighed. Nitrogen content of the
cover crop was determined in 2003
at the Soil and Plant Analysis Labo-
ratory (lowa State  University,
Department of Agronomy, Ames).
If cover crop growth was deemed
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insufficient for full weed management
in strip-tilled plots, based on emer-
gence of weeds through cover crop
residue, rye straw was applied as a
mulch. The mulch application (7.6
cm deep) occurred in mid-July each
vear. Irrigation was applied as needed
based on rainfall events. A core set of
measurements was taken on 10 ran-
dom plants/plot within the interior
of the plot (40 plants/treatment)
from June to August. Height of
plants, number of leaves, and number
of pepper fruit were recorded, along
with disease incidence and numbers
of harmful and beneficial insects. Pep-
per number/plant at maximum leaf
height was recorded in July to deter-
mine carly fruit set compared with
fruit numbers at harvest. Pepper
plants showing substantial disease
symptoms were removed from plots
after recording their numbers at each
sampling period. Peppers were har-
vested from August to September by
selecting all marketable fruit on 10
random plants/plot. In 2002 and
2003, numbers of culled fruit (pep-
pers having sufficient damage to be
unmarketable) were also counted
from sampled plants in each plot at
harvest. Fresh weights of fruit were
recorded immediately after harvest.
Blemish counts were calculated by
counting the number of insect or
disease lesions <2 mm in diameter
on the pepper surface. At that period
of time, peppers were considered
marketable if lesions were <2 mm
diameter; peppers with larger blem-
ishes were discarded. After initial
weighing, 24 unblemished peppers/
treatment/harvest were transferred
to 10 °C/70% relative humidity
chambers in the Iowa State University
Department of Horticulture in Ames
for postharvest storage studies. Pep-
per fresh weight was recorded at 3, 6,
and 9 weeks of storage. Evaluations
were ended when peppers became
unmarketable. All measurements
were subjected to analysis of variance
(ANOVA) and mean separation with
Fisher’s protected least significant
differences (rrsp) test at P < 0.05
(SAS version 8.0; SAS Institute, Cary,
NC).

SOIL FERTILITY STUDY. To mon-
itor soil changes, particularly in the
organic system throughout the
experiment, soil samples were col-
lected in cover crop plots before
spring tillage on 8 May 2001, and in
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cover crop and organic fertilizer (112
kg-ha' N) plots on the last harvest
date of 11 Sept. 2001. In 2002, soils
were sampled in cover crop plots
preseason (28 May), pretransplanting
(12 June), and 2 weeks post-trans-
planting (26 June) to determine soil
tertility changes between cover crop
incorporation and plant growth ini-
tiation. Soils were also sampled on the
last harvest date (19 Sept.) as previ-
ously described. In 2003, soils were
sampled in cover crops as in 2002:
preseason (14 May), pretransplanting
(13 June), and 2 weeks post-trans-
planting (27 June). An additional soil
sampling was obtained on 13 May
2004 to determine overwintering ef-
fects in all plots.

For each sampling date, five
cores were removed to a depth of 15
c¢m and combined into one composite
sample for each plot. The composite
samples were stored in plastic zip-lock
bags and kept cool during transport
to the laboratory. A 10-g subsample
of field-moist 8-mm-mesh sieved soil
was extracted with 50 mL of 2 M
potassium chloride (KCl), and inor-
ganic N [nitrite and nitrate-N (NO,
+ NO3) + ammonium-N (NH,-N)]
in the filtrate was quantified using
flow injection technology (Lachat
Instruments, Milwaukee). Soil water
content was determined gravimetri-
cally by oven-drying a 15-g subsam-
ple of field-moist 8-mm-mesh sieved
soil overnight at 105 °C. A subsample
of field-moist 8-mm-mesh sieved soil
was pushed through a 2-mm-mesh
sieve, air-dried, stored at room tem-
perature, and later analyzed for P,
K, Ca, pH, and electrical conductivity
(EC). A 5-g subsample of the air-
dried, 2-mm-mesh-sieved material
was ground (<250 um) and used to
determine total organic carbon and
total N. Phosphorus concentrations
(Bray-P) (Knudsen and Beegle, 1988)
were measured colormetrically using
ascorbic acid-ammonium molybdate
reagents. Soil pH (Eckert, 1988) and
EC (Dahnke and Whitney, 1988)
were measured using a 1 soil:2 water
ratio. Total organic carbon after
removal of carbonates with 1 M sul-
furic acid (H,S0,4) and total N were
quantified by dry combustion using a
Carlo-Erba NA 1500 NCS elemental
analyzer (Haake Buchler Instru-
ments, Paterson, NJ). All analyses
were conducted at the USDA-Agri-
culture Research Service National

Soil Tilth Laboratory at Ames, Iowa,
and the Soil and Plant Analysis Labo-
ratory. In addition to ANOVA, soil
fertility results were analyzed through
single-df contrasts (SAS, version 8.0).

Results

CROP PERFORMANCE. In 2001,
pepper plant height was greater in
the organic fertilizer treatments
(112 kg-ha' N), with or without
gvpsum, the conventional fertilizer
treatment, and the hairy vetch/rye
strip-tilled treatment, compared with
the organic or conventional control
or tilled cover (Table 2). Plant height
in the incorporated vetch/rye treat-
ment was lower than the strip-tilled
treatment. Plants in the 112 kg-ha!
N organic treatment were taller than
the 56 kg-ha™ N organic fertilizer
treatment. Leaf number at maximum
plant height was greatest in the con-
ventional fertilizer treatment, with
and without Ca/S. Plants in the
organic fertilizer treatment (112
kg-ha* N) were second in leaf num-
ber to conventional treatments, with
plants in the organic control and in
both hairy vetch/rye plots having the
least amount of leaf production. Fruit
numbers at maximum plant height
were significantly greater in the or-
ganic fertilizer treatments (at 56 and
112 kg-ha™' N), and in the conven-
tional fertilizer with Ca/S treatment,
compared with other treatments.
Gypsum applications did not increase
fruit numbers over organic fertilizer
alone. Lowest fruit numbers were pro-
duced in the cover crop treatments.

In 2002, the tallest plants were in
the organic fertilizer (112 kg-ha™' N)
and in the conventional fertilizer
treatments, with and without Ca/$
(Table 2). Plant height in the conven-
tional treatments was cquivalent to
the organic fertilizer (112 kg-ha™ N
and 56 kg-ha™ N) with gypsum treat-
ment and the strip-tilled treatment
plus organic fertilizer side-dress
(Table 2). The addition of the 56
kg-ha™ N side-dress application in
strip-tilled plots led to an improve-
ment in pepper productivity, and
because of this result, a side-dress
application was added to future pro-
tocols. Plant height in the incorpo-
rated hairy vetch/rye treatment was
equivalent to the organic and con-
ventional controls. Leaf number
was greatest in the conventional
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Table 2. Pepper plant growth in 2001-03 at the Muscatine Island Research Farm, Fruitland, IA.

2001 2002

2003

Plant Leaves

Peppers  Plant Leaves

Peppers  Plant
ht (cm) * (no./plant) (no./plant) ht (cm) (no./plant) (no./plant) ht (cm) (no./plant) (no./plant)

Leaves Peppers

Treatment
Organic control 45.5dY 27.0e
Organic fertilizer
(112 kg-ha™ N)* 52.5a 52.6b
Organic fertilizer 48.8bc 41.2¢
(56 kg-ha' N) +
gypsum (560 kg-ha™')
Organic fertilizer 49.9ab 41.8¢
(112 kg-ha' N) +
gypsum (560 kg-ha™)
Hairy vetch/rye tilled 46.2¢d 28.8¢
Hairy vetch/rye
strip-tilled 50.5ab 28.6¢
Hairy vetch/rye — —
strip-tilled + organic
fertilizer side-dress
(56 kg-ha!)
Conventional control 46.2cd 35.1d
Conventional fertilizer ~ 50.6ab 59.1a
Conventional fertilizer,
lime and sulfur 49.0b 59.1a
Lsp (0.05)" 2.8 5.1

5.5bc 42 4c 48.2c¢cde
6.3a 51.5a 67.8ab
6.4a 44 8bc 52.2¢
6.1ab 47 .6b 63.2b
5.0cd 43.6¢ 48.6cd
4.4d — - —
— 47 .0b 38.5¢
5.2¢ 41.7¢ 42 4de
5.2¢ 48.8ab  67.lab
5.7abc 48.3ab  74.3a
0.8 3.3 9.7

3.8cd 35.1b 53.3b 2.3ab
6.3a 38.2a 59.7ab 2.3ab
4 5bc 37.7a 61.8a 2.7
5.5a 38.1a 59.9ab 2.4ab
3.7c¢d 37.0ab 56.4ab 1.5b
2.8d 38.2a 61.5a 1.5b
2.9d 29.5¢ 49 1c 2.8a
4.1c 3l2¢ 46.5¢ 2.2ab
4.0c 30.1c 44 5¢ 2.5ab
1.0 2.3 7.8 1.0

“1 cm = 0.3937 inch.

*Means within columns followed by the same letter are not significantly different at P< 0.05; Ns = nonsignificant.

*1 kg-ha™ = 0.8922 Ib/acre.
*15D (0.05) = least significant difference at P = 0.05.

fertilizer treatment with Ca/S, the
conventional fertilizer alone, and in
the organic fertilizer (112 kg-ha™ N)
treatment. Plants in the 112 kg-ha™
N organic fertilizer with gypsum
treatment had leaf numbers similar
to the previous two treatments.
Despite lower plant height, the tilled
cover crop treatment produced a
greater number of leaves than the
strip-tilled  treatment (Table 2).
Plants producing the greatest number
of fruit in July were in the organic
fertilizer treatments of 112 kg-ha™ N,
with and without gypsum (Table 2).
There were no differences in fruit
numbers between the conventional
fertilizer treatments and the lower
organic fertilizer rate plus gypsum
treatment. Fruit numbers were sim-
ilar in the two cover crop treatments
in 2002, but in the hairy vetch/rye
strip-tilled plots, fruit numbers were
equivalent to the conventional con-
trol plots.

In 2003, all organic plants were
taller than plants receiving conven-
tional treatments (Table 2). There
were no differences in plant height
among the 112 kg-ha™' N organic
fertilizer, with and without gypsum;
56 kg-ha™ N with gypsum; and in
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both hairy vetch/rye treatments.
Plants in the incorporated hairy
vetch /rye treatment were an equiva-
lent height as plants in the organic
control. Leaf number was also greater
on plants in all organic treatments
compared with those in conventional
treatments (Table 2). Pepper number
was similar in seven of the nine treat-
ments in July, but both cover crop
treatments had lower pepper num-
bers than the organic 56 kg-ha! N
with gypsum treatment (Table 2).

In the first year, pepper yield
was similar in both conventional plots
(averaging 24,299 kgha') and
organic plots fertilized with 112
kg-ha' N, with and without gypsum
(averaging 26,295 kg-ha!) (Table 3).
Yields in the 56 kg-ha' N organic
fertilizer treatment were equivalent
to the higher organic fertilizer rate.
Strip-tilled hairy vetch/rye plots,
without additional fertilization, con-
tained some of the lowest yielding
plants, along with the conventional
and organic control plots. When the
hairy vetch/rye was incorporated,
yields were equivalent to the organic
fertilizer treatments, but lower than
the conventional fertilizer with Ca/S
treatment. The number of peppers

at harvest ranged from 124,378 pep-
pers/ha in the conventional control
to 213,035 peppers/ha in the con-
ventional fertilizer with Ca/S treat-
ment with no significant differences
among treatments (Table 3). Organic
fertilizer (112 kg-ha™! N) plants aver-
aged 162,251 peppers/ha compared
with 163,111 peppers/ha in the con-
ventional fertilizer treatment. Aver-
age pepper fruit weight (172 g) in the
organic 112 kg-ha ' N treatment was
equivalent to that of 156 g in the
conventional  fertilizer  treatment
(data not shown).

Contrary to 2001 results, pepper
yields from all organic and conven-
tional treatments were similar in 2002
(Table 3). The average vield of the
112 kg-ha™' N organic fertilizer treat-
ment was 15,572 kg-ha™' compared
with 15,680 kg-ha™ in the conven-
tional fertilizer treatment. With the
additional N side-dress application,
yiclds in the strip-tilled treatment
averaged 14,833 kg-ha' compared
with 12,621 in the tilled cover crop
treatment (Table 3). Similar to yield
results, pepper numbers at harvest
were equivalent among treatments,
and averaged 101,873 across the
two control plots compared with
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Table 3. Pepper harvest parameters in 2001-03 at the Muscatine Island Research Farm, Fruitland, IA.
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2003
Peppers

2002

Peppers
(no./ha)

2001
Peppers

Blemishes
(no./pepper)

Yield
(kg-ha)

Blemishes
(no./pepper)

Yield
(kg-ha™)

Blemishes
(no./pepper)

Yield

(kg-ha™)
19,174bcd”

(no./ha)

(no./ha)
157,086

Treatment

11,580bc 87,186 1.8

0.40

11,114

7.4

1

Organic control

Organic fertilizer

3.3
20

124,485 0.46 18,795a 122,154
0.

113,762

145 15,572

X

162,251

26,864ab

(112 kg-ha™ N
Organic fertilizer (56

109,566

18,579a

35

9.4 12,535

166,124

23,767abced

kg-ha™ N) + gypsum

(560 kg-ha™)
Organic fertilizer

16,063 128,215 0.46 18,026a 115,161 14

6.7

172,149 1

25,726abc

(112 kg-ha™ N) +

gypsum (560 kg-ha!')
Hairy vetch /rye tilled
Hairy vetch/rye

91,849

14,117abc

12,621 102,572 0.46

15

1

149,770

20,785bed

151,061 6.3

19,095¢d

strip-tilled
Hairy vetch/rye

uo

110,964 1.03 16,008ab 102,572

14,833

strip-tilled + organic
fertilizer side-dress

(56 kg-ha™)
Conventional control

1.8

87,186
75,997

11,836bc
10,965c¢

0.94
0.64

115,161
133,344

10,517

15,680

12.5
12.0

124,378

163,111

16,718d

1.6

25,609abc

Conventional fertilizer

Conventional fertilizer,

20,736 148,263 0.38 13,882abc 90,916 2.4
NS NS

14.9

213,035

30,570a

lime and sulfur

Lsp (0.05)*

4,995

NS

NS

NS

NS

7,732

“Means within columns followed by the same letter are not significantly different at P< 0.05; ns = nonsignificant.

*1 kg-ha™!

0.8922 Ib/acre.

= 0.05.

least significant difference at P

LSD (0.05)

148,263 peppers/ha in the conven-
tional fertilizer with Ca/S plots
(Table 3). Plants in the 112 kg-ha™
N organic fertilizer treatment aver-
aged 124,485 peppers/ha compared
with an average of 133,344 in the
conventional  fertilizer treatment.
Across the two cover crop treatments,
pepper numbers at harvest averaged
106,768 peppers/ha. Average pepper
weight in 2002 was 132 g with no
differences among treatments (data
not shown).

In 2003, organic treatment
yields (excluding the control plots)
averaged 17,105 kg-ha! and conven-
tional treatments averaged 12,424
kg-ha', with conventional fertilizer
plus Ca /S treatment yields equivalent
to organic fertilizer and cover crop
treatments (Table 3). The additional
N side-dress application in the strip-
tilled treatment did not improve
yields over the incorporated cover
crop treatment. There were no difter-
ences in the number of peppers at
harvest among all treatments, averag-
ing 122,154 peppers/ha in the or-
ganic fertilizer treatment and 75,997
peppers/ha in the conventional fer-
tilizer treatment (Table 3). Average
pepper weight across treatments was
151 g, with no differences among
treatments (data not shown).

PEeST INCIDENCE. Insect pests
[green peach aphid (Myzus persicae)
and corn borer ( Ostrinia nubilalis))
were observed throughout the
experiment, but did not reach eco-
nomic threshold levels, and no differ-
ences in populations were observed
among treatments in 2001 (Table 4).
Beneficial insects, primarily lady-
beetles (Coccinellidae), lacewings
(Chrysopidae), and spiders (Saltici-
dae), were also present in all plots,
but because of low insect pest num-
bers, significant differences among
treatments did not occur in the first
year. Damping-oft (Rhizoctonin sol-
ani) disease symptoms were observed
in greater amounts in the strip-tilled
plots, where up to 15% of plants were
infected. Despite low numbers of
insect pests in the field, insect and
disease damage (as blemishes at har-
vest) ranged from six blemishes/pep-
per in the hairy vetch/rye strip-tilled
treatment to 17 in the organic con-
trol, but because of high variability,
there were no significant differences
among treatments (Table 3). Strip-
tilled plants were among the most
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-
o
1
—_—

Cumulative weight loss (%)
)

o
1

Organic

control (112 kg-ha'N) tilled

Organic fertilizer Hairy vetch/rye

Conventional
fertilizer

Conventional
control

Hairy vetch/rye
strip-tilled

Fig. 1. Effect of treatment on pepper postharvest weight loss after 6 weeks of storage
at 10 °C (50.0 °F) and 70% relative humidity. Treatments were [ Organic control,

B Organic fertilizer [112 kg-ha~! (99.9 Ib/acre) N, Bl Hai
Hairy vetch/rye strip-tilled, B Conventional control, and

vetch/rye tilled,
conventional

fertilizer. Bars represent the standard error of the mean.

2003 season, suggesting that relatively
available organic C was accumulating
compared with the conventional sys-
tems (Table 5). Total soil N content
was higher in the incorporated hairy
vetch/rye than in the strip-tilled
treatment after harvest in 2001
(Table 5). Total soil N in the organic
fertilizer treatment was equivalent to
the incorporated hairy vetch /rye in all
years (Table 5). This indicates that
incorporation of hairy vetch/rye can
help maintain soil N through the end
of the growing season in pepper pro-
duction systems, even in the absence
of organic fertility amendments. In
general, soil fertility in organic pepper
plots was equal to, or greater than,
that in conventionally produced pep-
pers (Table 5).

SPRING SOIL FERTILITY IN COVER
CROP TREATMENTS. Before hairy
vetch/rye incorporation in May of
cach year, residual soil inorganic N
was not different among treatments,
except that in 2001, soil nitrate-N
in the incorporated hairy vetch/rye
treatment was significantly lower than
the organic control or the strip-tilled
treatments (Table 6). Soil nitrate-N
was significantly higher after hairy
vetch/rye incorporation in June
2002 and 2003 compared with pre-
incorporation soil nitrate levels
(Table 6). However, soil nitrate-N
was also significantly greater in June
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than in May in the organic control
treatment for both years, indicating
soil mineralization in the absence of
cover crops.

Single-df contrasts (SAS, version
8.0) showed that in 2002, the in-
corporated hairy vetch /rye treatment
had greater soil nitrate-N than the
organic control on 12 June (F =7.55,
P = 0.0115) and on 25 June (F =
21.15, P=0.0001), but a higher soil
nitrate-N response in the strip-tilled
treatment was determined in the
25 June sampling (F = 17.40, P =
0.0004). There was a trend toward
increasing soil nitrate-N levels for
both cover crop treatments on 25
June compared with 12 June in
2002 (hairy vetch/rye incorporated:
F=3.43, P=0.0770), but significant
differences were observed only for the
strip-tilled treatment (F = 13.41, P =
0.0013). There were no pre- and
postincorporation differences in soil
ammonium-N in 2002. In 2003,
post-hairy vetch/rye incorporation
levels of soil nitrate N (F = 49.04, P
< 0.0001) and ammonium-N (F =
14.85, P=0.0009) were greater than
on 14 May for the incorporated hairy
vetch/rye treatment. The postincor-
poration levels of soil nitrate-N (F =
9.82, P = 0.0045) and ammonium-
N (F = 8.87, P = 0.0069) were also
greater than May levels for the strip-
tilled treatment. Soil nitrate-N was

not different for either cover crop
treatment on 26 June compared with
13 June 2003. The organic control
also had more soil nitrate-N (F =
597, P = 0.0223) and ammonium-
N (F=4.69, P=0.0415) on 13 June
than on 14 May.

The soil fertility data clearly show
that soil inorganic N sources, and
especially soil nitrate-N, increased as
a result of incorporation of hairy
vetch/rye. However, the pattern of
N release from the incorporated
hairy vetch/rye appeared to vary be-
tween years and plots. Because the
inorganic N in the top 15 cm of soil
also increased in the organic control
plots from May to June, this amount
was deducted from the increase in
soil inorganic N in the cover crop
treatments postincorporation. Greater
differences were observed for the in-
corporated versus strip-tilled hairy
vetch/rye treatment, and the relative
difference appeared to be consistent
from year to year. One month after
complete hairy vetch/rye incor-
poration in 2002, soil in the 0 to
15 c¢m depth increment contained
2.5 kg-ha? more inorganic N than
before incorporation. Strip-tillage in-
organic N content in the same incre-
ment after tillage was 1.5 kg-ha' N
greater than was preincorporation lev-
els. The magnitude of change in inor-
ganic N at the 0 to 15 cm depth after
vetch incorporation in 2003 appeared
to be less than in 2002, but complete
incorporation still resulted in a greater
change (1.1 kg-ha™ N) in inorganic N
than strip-tillage (0.1 kg-ha™ N).

Discussion

With the continuing 20% annual
organic industry growth rate, organic
agriculture holds much promise for veg-
etable producers interested in gaining
premium prices for their crops while
lowering input costs (Dimitri and
Greene, 2003). Lower organic yields
have been associated with slower N
release from organic amendments com-
pared with synthetic fertilizers (MacRae
et al., 1993), but results from this
experiment demonstrated the feasi-
bility of producing bell peppers in an
organic system with comparable pro-
ductivity to conventional peppers.
These results compare with the first
phase of this experiment where con-
ventional and organic pepper growth
and yields were similar when 112
kg-ha' N was provided through
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Table 6. Soil inorganic nitrogen, and pre- and postcover crop incorporation” in
the pepper system experiment at the Muscatine Island Research Farm, Fruitland,

IA in 2001-03.
Nitrate nitrogen Ammonium nitrogen
(ngg'y (rgg’)
Sampling time 2001 2002 2003 2001 2002 2003
Preincorporation
Org control * 2.38a" 3.42c 1.05b 4.81 2.50 0.17b
HVT 1.50b 0.61c 0.42b 14.35 2.55 0.28b
HV ST 1.67ab 0.61c 0.32b 4.88 1.44 0.29b
Pre-transplant
Org control — 4.07b 2.43a — 2.21 1.12a
HVT — 4.70b 4.38a = 3.40 1.97a
HV ST — 1.63b 2.09a —_ 3.20 1.59a
2 weeks post-transplant
Org control — 5.53a 2.87a — 1.47 0.19b
HV, L — 7 46a 3.87a — 293 0.27b
HV ST — 7.08a 2.57a — 0.84 0.44b
1sp (0.05)" 0.77 1.90 0.76 NS NS 0.48

“Soil sampling depth was 0-15 cm (0-5.9 inches).
‘1 pg-g” =1 ppm.

*Org control = organic control; HV T = hairy vetch tilled; HV ST = hairy vetch strip-tilled.
“Means within columns followed by the same letter are not significantly different at P< 0.05; ns = nonsignificant.

“Data were not collected.
15D (0.05) = least significant difference at P = 0.05.

applied to no-tilled cover crop plots at
the time of planting (Abdul-Baki and
Teasdale, 1997b). Average yields in
the incorporated hairy vetch/rye
treatment were intermediate to the
organic fertilizer (56 kg-ha™ N) with
gypsum and the 112 kg-ha™' N treat-
ment, indicating an N contribution of
56 to 112 kg-ha! from the incorpo-
rated hairy vetch/rye. Skarphol et al.
(1987) suggested a contribution of
90 kg-ha! N from hairy vetch, crim-
son clover, or Austrian winter pea
(Pisum  sativum), wheres Griflin
etal. (2000) estimated a contribution
of between 78 to 156 kg-ha? N in
cover crop systems with alfalfa, rye,
and rye/hairy vetch. Burket et al.
(1997) estimated the cover crop com-
bination of clover (Trifolium pra-
tense) alone, or in a mixture with rye
and pea, to contribute 150 kg-ha'N.
Our results contrast with results from
Creamer et al. (1996) where tomato
yields were equal in conventional and
cover crop plots. Researchers from
California (Scow, 1996; Shennan,
1992) reported similar results, how-
ever, where cover crop supplementa-
tion alone was inadequate for optimal
vegetable crop production.

Reduced performance in strip-
tilled plots has been associated with
nutrient and water competition
between cover crop and vegetable
crop. Loy et al. (1987) found that
water deficits were higher in strips,
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leading to lowered marketable pepper
vields compared with conventionally
tilled plots. Bottenberg et al. (1999)
determined a reduced leaf N content
in snap bean plants under strip-tillage,
as did Herrero et al. (2001) in strip-
tilled tomato leaves. Cooler soils,
delayed maturity, and a later harvest
period in a strip-tilled snap beans and
corn were observed (Hoyt, 1999;
Licht and Al-Kaisi, 2005). Decreased
soil temperatures in strips may also
lead to increased disease incidence, as
reported here and by McKeown et al.
(1998). Increasing the strip width
may facilitate vegetable crop growth,
as Loy et al. (1987) demonstrated
improved squash yield after widening
the strips from 0.5 to 1 m, but weed
management in 1-m-wide strips in
organic systems would require tillage
or hand-mulching. In this experi-
ment, an application of straw mulch
was required each year to provide
adequate weed control in the strip-
tilled systems because of insufficient
soil coverage by the cover crop. The
straw mulch was needed for supple-
mental weed control in 2003 despite
a ~153% increase in hairy vetch/rye
biomass from 2002 to 2003. For
complete weed management, addi-
tional hand weeding may also be
required in straw mulch systems
(Law et al., 2006).

Animal-based and cover crop-
based fertilization were effective in

increasing soil inorganic N during
critical periods in the growing season
in all organic treatments. Crop res-
ponse corresponded with soil fertility
results, where complete incorpora-
tion of the hairy vetch /rye cover crop
increased soil inorganic N to a greater
extent compared with strip-tillage.
Carrera et al. (2004) also found that
hairy vetch/rye mineralization al-
lowed for a slower release of N and
more efficient absorption by sweet
corn. Similar to Wilson et al. (1982),
however, improvements in soil or-
ganic matter, total N, and decreased
bulk density in the strip-tilled plots
were not associated with improved
vields over tilled plots.

For a leguminous cover crop to
supply nutrients equivalent to organic
fertilizers, the cover crop stand, overwin-
tering capability, and spring growth
must be sufhcient. Additionally,
mechanical termination of the cover
crop must result in evenly distributed
mulch of sufficient depth to play a
significant role in weed management.
Although strip-tillage of vegetables
into cdver crops can help mitigate soil
erosion and aid in weed management,
competition between vegetable and
cover crop regrowth, inadequate N
contribution, potential cooling of
soil, and the requirement for contin-
ued strip management throughout
the growing season has reduced the
adoption of this system on organic
farms. To eliminate N immobilization
problems, growers should dll cover
crops at least 2 weeks before planting
vegetables, but this period may prove
inadequate if unfavorable weather
conditions delay cover crop decom-
position. Despite application chal-
lenges, cover crops will remain as
critical components of the organic
farm plan, specifically for their role
in sequestering carbon, contributing
nutrients, improving soil tilth and
microbial populations, interfering
with weeds and insect pest cycles,
and facilitating the development of a
closed-system farm.
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